Abstract A study on the presence of Babesia in humans was performed in Puerto Berrío (Latitude 6.50deg. Longitude: -74.38deg. River: Magdalena. Area: 74.410km 2 , Colombia-South America). Indirect immunofluorescence, thin and thick blood smears were used to study 194 individuals. Patients were grouped according to their riskfactors for Babesia infection: (group 1) individuals with fever, chills, sweating and other malaria-type symptoms; (group 2) symptomatic and asymptomatic individuals from local cattle ranches, which were enrolled in an active form, and (group 3) workers from the local slaughterhouse. Seven individuals were serologically positive for Babesia: Three individuals presented IgM antibodies against B. bovis, while one had IgG against this species; one individual had IgM against B. bigemina, another had IgG and a third both IgM and IgG against this species. Only one individual was parasitologically positive for Babesia and serologically positive for Babesia bovis (IgM 1:64) Key-words: Babesia. Indirect immunofluorescence antibody test (IFA). Blood smear. Malaria. Human babesiosis.
Babesiosis is an infection produced by protozoan parasites of the genus Babesia, which naturally infect mammals, birds, reptiles and amphibians. Bovine babesiosis is a prevalent disease in the malaria endemic regions of Colombia, and is produced by Babesia bigemina and Babesia bovis 4 10 21 . In medical histor y, the first case of human babesiosis was described in 1957 by Skrabalo and Deanovic in Yugoslavia, in a splenectomized farmworker who presented malaria symptoms. The patient died and afterwards a bovine Babesia was confirmed in blood smears 23 . Human babesiosis is a zoonosis clinically similar to malaria, it is transmitted by a tick-bite 3 23 . The etiological agent and laboratory diagnosis are notoriously similar to those of human malaria 1 9 17 19 20 28 29 30 . This created confusion when the first cases of human babesiosis were diagnosed and reported 5 12 20 23 . In Colombia, there are areas where eco-epidemiologic risk-factors for malaria and human babesiosis converge and overlap. Furthermore, there is an important percentage of patients with malaria symptoms and negative blood smears for malaria. Therefore, the main purpose of our work was to study the presence of infection by Babesia bovis and Babesia bigemina in humans in a malaria and bovine babesiosis endemic region using an epidemiological, parasitological and serological approach.
MATERIAL AND METHODS
Groups studied. The study was carried out using a descriptive and transversal design. 194 inhabitants of Puerto Berrío (locality of Colombia) were included. Participants were distributed in three groups according to their epidemiological risk-factors for human babesiosis; the first group consisted of 10 male adults with symptoms of malaria who sought treatment at the local hospital presenting fever, chills, sweating, and headache. The second group comprised 134 male adults, with or without malaria symptoms. All individuals of these two groups were working at local farms and had direct contact with cattle for a year or more. All individuals from the second group were enrolled in an active form. A third group was constituted by 50 individuals, of which 45 were employed at the local slaughterhouse, where they were in close contact with tissues, secretions, blood and viscera of cattle originating from local ranches. The remaining 5 individuals were veterinarians working in the area and in close contact with cattle during palpation, birth, surgery, and other work. All procedures performed in this study were in accordance with the standards of the ethical committee of Universidad de Antioquia, defining human experimentation and based on the 1975 Helsinki Declaration, as revised in 52 nd The World Medical association General Assembly, Edinburgh, Scotland, October 2000.
Babesiosis diagnosis. Parasitological diagnosis of Babesia was based on the finding of compatible forms in thin blood smear. Indirect immunofluorescence antibody (IFA) was used for serological diagnosis.
Diagnosis of active babesiosis was based on positive results in both tests. The diagnosis of previous contact with Babesia, was based on the presence of antibody titers ≥ 1:32 for IgG 15 27 . Parasitological study. Capillary blood was obtained in triplicate and thick and thin blood smears were Field and Giemsa stained respectively 19 26 . Samples were evaluated at the Laboratorio de Hemoparásitos of Universidad de Antioquia. All slides were negative for malaria. Slides with suspected babesiosis were evaluated by experts in bovine babesiosis at CORPOICA (Corporación del Instituto Colombiano Agropecuario Santafé de Bogotá, Colombia). The presence of pyriform parasites in pairs or tetrads without pigment was considered as positive for Babesia. Likewise, detection of circular or ovoid forms with differentiated chromatin and cytoplasm without pigment was also considered positive.
Serological study. Antigen preparation for IFA test for Babesia bovis and Babesia bigemina was obtained from <1 year old splenectomized calves, some of which were infected with the Australian strain of Babesia bovis and others with the Bv V1 strain of B. bigemina, donated by the Epivet germ plasm (CORPOICA). At peak parasitemia, blood was collected in test tubes with heparin, then washed with PBS (pH 7.2-7.3), and the layer of white blood cells was removed. Hematocrit was adjusted to 30% using 4% bovine albumin, and then parasitemia was adjusted to 25% in the case of B. bovis and 35% for B. bigemina. Thin blood smears were prepared and air-dried at 30 o C for 30 to 45 minutes, these were then covered with aluminum foil and stored at -20°C.
Conjugate titration: due to lack of a positive human serum for Babesia bovis and Babesia bigemina a direct immunofluorescence technique was used for the titration of the conjugate. Concentrated human red blood cells were used as antigen. The slides were airdried and an IgG or IgM conjugate was added. Fluorescein was added at different dilutions from 1/20 to 1/400, optimal dilutions were 1/200 for IgM, and 1/ 100 for IgG.
Antibody titration: IFA test for IgG and IgM was performed following the technique of Hijmans et al 1970 14 ; serum dilution started at 1:16 6 7 . IgG and IgM titers were considered positive when dilution ≥1:32 showed a clear fluorescence of the antigen within red blood cells 15 27 . Immunofluorescence was read using the simple-blind method, in which researchers were not aware of the patient's condition and had access only to serum samples and to thick and thin blood films. In order to exclude cross-reactions, IFA and ELISA tests for malaria were performed in all positive Babesia bovis and Babesia bigemina samples.
Malaria IFA: the technique of Hijmans et al 1970 14 was used. P. falciparum schizonts (FCB-2 strain) were used as antigen. They were separated by Percoll. Samples were read in a Leitz fluorescence microscope. Titers higher than 1:16 for IgG and 1:32 for IgM 6 7 were considered as positive. Malaria ELISA: crude P. falciparum schizont extracts was obtained after 2 minutes of sonication at 25W (Branson Sonifier Mod. 200). Protein concentration was measured using 1000µg/mL of Bradford reactive (BioRad, Hercules, California). Standardization of the technique was performed at 1.0, 2.5, 5.0, 7.5 and 10µg/ mL of the reactive in carbonate buffer (concentration of 1000µg/mL) on 96 wells U button plates (Nuclon, Denmark), and a concentration of 5µg/mL was chosen for performance of the ELISA test. 100µg/mL of the antigen were plated and incubated for one hour at 37ºC and then overnight at 4 o C. The wells were washed with PBS and 0.05% Tween 20 (J.T.Baker, Deventer, Holland). 100µg/mL of PBS/5% bovine albumin were added and incubated for one hour at 37 o C. Finally, plates were washed with PBS 0.05% Tween 20 (J.T.Baker).
Negative and positive controls were evaluated as a pure sample and at dilution of 1:32 in two fold dilutions in PBS 1% bovine albumin (BSA). The antigen on 96 well U-bottom plates was incubated for an hour at 37 o C. Plates were washed 5 times with PBS 0.05% Tween 20 (JT Baker) and the anti-IgM alkaline phosphatase conjugated was added at a dilution of 1:20000 in PBS 1% BSA. The anti-IgG alkaline phosphatase conjugated at 1:1000 in PBS 1% BSA. Samples were incubated for an hour at 37 o C and washed 5 times with PBS 0.05% Tween 20 (JT Baker). P-Nitrophenyl Phosphate (Sigma, St. Louis, USA) was added as substrate and incubated for 45 minutes at room temperature. Reaction was stopped with NaOH 2N and absorption was measured in an ELISA reader (Titertek-Uniskan II) at 405nm. The cutoff point of reactivity was determined at titers ≥1:32.
RESULTS

Parasitological findings.
One individual out of 194, presented parasite forms compatible with Babesia, described as follows: A pyriform parasite, resembling a trophozoite, which was found in a 100X microscopic field, although differentiation of the chromatin was insufficient, it was compatible with Babesia. An aggregate was observed in another field, corresponding to four parasites within a red blood cell, each one had a pear-shaped trophozoite; with adequate chromatin differentiation; this form is known as Maltese Cross and is considered to confirm the diagnosis of infection by Babesia. (Figures 1 and 2 ) Serological findings. Seven individuals (3.6%) had positive titers, two for IgG, four for IgM and one for both IgG and IgM. Titers varied between 1:32 and 1:128 (Table 1) . The most relevant features of these patients are shown in Tables 1 and 2 .
The IFA test for malaria was positive in patient number 4, who was also positive for Babesia bovis IgG (1:64) The other six individuals seropositive for Babesia bovis and/or B. bigemina were negative for malaria antibodies. In the ELISA test, all tested individuals were negative for malaria IgM (Table 3) .
Clinical and epidemiological description in patient number 1 with Babesia bovis: the patient was a 37-year-old male, who presented at the local hospital with intermittent fever (without periodicity), chills, sweating, weakness and bone ache; a thick smear was negative (Table 2) . His serological study showed antibodies for Babesia bovis IgM (1:64), negative anti-malarial IgM antibodies by ELISA and negative by IFA (Table 3) . Chainsaw operator: person who works with a power saw used in tree surgery and logging.
Milker: person who milks the cows, manually or using a machine.
Mower: person who cuts the grass or grain with a portable machine.
Cattle locking-up worker: person who rounds up the cattle or encloses each animal for treatment or any other purpose.
Grass cutter: person who uses a machete to cut grass, corn or other animal food material.
Fumigator: person who disinfects or purifies with smoke, either the pasture or the cattle. 
DISCUSSION
We report the first case of human babesiosis in Colombia which was parasitologically confirmed by positive blood films for Babesia and antibody titers positive for Babesia bovis (IgM 1:64), in a patient who presented intermittent fever, chills and sweating lasting several days. These findings have been reported in the medical literature as characteristic of the acute phase of the disease, as confirmed by positive IgM titers 15 27 . Six other individuals were positive by serology for Babesia, three for Babesia bovis and three for Babesia bigemina. Two of those patients (patients number 4 and number 7) were IgG positive and asymptomatic, which can be explained by a possible prior infection; two were IgM positive and symptomatic (patients number 3 and 5) and two patients had positive IgM titers and absence of symptoms (patients number 2 and 6), which can be explained by a subacute phase of the infection (Table 1) .
Coexistence of positive anti-Babesia antibodies and positive anti-Plasmodium antibodies suggest the possibility of co-infection by both parasites. This has been reported previously in humans in the case of Babesia microti and Borrelia burdogferi 2 16 20 . Similarly, cross-reactivity by IFA among parasites of the phylum Apicomplexa, including Babesia bovis and Plasmodium falciparum has been reported 8 18 24 . Patients number 4 could have either a cross reactivity or co-existing antibody IgG for both Babesia and Plasmodium parasites.
Suarez et al conducted the first study on seroprevalence of human Babesia bovis and Babesia bigemina in the province of Ciego de Avila, Cuba. Suarez used the IFA test in 781 samples. Titers for IgG positive antibodies were established as (1:64), 7% positivity was found in workers of cattle ranches and 3.9% in blood donors coming from the same area, compared to 3.6% seroprevalence for antibabesia antibodies in the studied population comprising cattle ranch workers 27 . Working in close contact with organic fluids and viscera of possibly infected animals, can not be defined as a direct risk-factor for infection by Babesia bovis and/or Babesia bigemina, since in this study no positive individuals were found in group 3.
Worldwide, the IFA test is the most used technique, to determine evidence of contact between humans and Babesia 2 12 15 24 25 . It is necessary, however, to use molecular techniques to identify the species, since it is known that the morphological features alone do not offer accurate criteria and that the changes in the parasite's morphology are variable in the infected host 11 13 22 23 .
Human babesiosis is present in Puerto Berrío. The first case of human babesiosis in Colombia is presented here and confirmed by parasitological and serological studies. Furthermore, we have reported the first six cases of human babesiosis detected by the IFA test.
